The fate of end-of-life electronics (e-wastes) is of increasing concern because of their toxicity and ever increasing volumes. Addressing these concerns requires proper management plans and strategy which in turn requires reliable estimates of e-waste generation in the present as well as future times. In this study, a material flow model for the analysis of e-waste generation from computer equipments in Nigeria has been developed. Data used to develop the model are the sales data from major distributors of electronics, usage time of computer equipments and transfer coefficients of the electronics from one stage to another. The analysis of individual flows of computer from the material flow model showed that the fate of obsolete computer equipments were storage (41%), reuse (35%) and direct disposal (24%). The projections of the flows for a period of 15 years also indicated that storage and reuse of computer equipments would be preferred over direct disposal; and computer equipments would continue to remain in either storage, re-use or gradually disposed off for about 11 years after its inflow. This delay or staggering disposal is of advantage as it would reduce the amount of e-waste disposed yearly and also afford the country some time to make plans to accommodate and manage the e-wastes generated more efficiently.
Introduction
The fast growing use of Information and Communication Technology (ICT) and rapid turnover in technology is creating a growing electronic waste (e-waste) stream not only in industrialized but also in developing countries like Nigeria. The challenge is even of greater concern in Nigeria because Nigeria lacks the capacity for handling and recycling the hazardous materials contained in e-waste.
The continuous dependence on electronic equipments in homes and at workplaces as well as rapid changes in technology, changes in media (tapes, software, etc), falling prices, and planned obsolescence has resulted in a fast-growing surplus of electronic waste around the globe [1] . According to [2] , the average lifespan of a new model computer has decreased from 4.5 years in 1992 to an estimated 2 years in 2005 and is further decreasing. The United Nations estimates that, collectively, the world generates 20 -50 million tonnes of e-waste every year [3] . The minimization or elimination of these e-wastes is now of greater concern to the world at large.
The lack of capacity for handling and recycling the hazardous materials contained in e-waste usually leads to the disposal of both e-waste and municipal wastes in the same dumpsites; thereby polluting the environment with heavy metals such as Cd, Pb, Hg, and chemicals like polychlorinated dibenzo-p-dioxins (PCDDs) and furans (PCDFs), polybrominated diphenyl ethers (PBDEs) and polycyclic aromatic hydrocarbons (PAHs) thereby creating health risks to the nearby community and the population at large [4] . Thus improper management of e-wastes at the end of its useful life poses serious challenges to the existing solid waste management structures resulting in widespread contamination of the environment. Also, the e-wastes from developed countries which are exported into developing countries in the name of free trade [5] are further complicating the problems associated with ewaste management.
Nigeria is currently undergoing a rapid advancement in information and communication technology (ICT). A very significant proportion of ICT users in Nigeria rely on secondhand equipment from developed countries, primarily from Europe and North America. The material flow of secondhand and scrap EEE into Nigeria, the current management practices for such wastes in the country and the environmental and health implications of such low-end management practices have been reviewed by [6, 7] . According to their report, the crude recycling and material recovery processes that have resulted in environmental pollution in countries like India and China which expose millions of people to toxins are yet to catch up in Nigeria. Also, a recent report by [8] on e-waste management in developing countries focusing on Africa categorized Nigeria as one of the promising countries for the introduction of pre-processing technologies if the informal sector is given strong support in capacity building through technology and knowledge exchange.
An estimated 400,000 units of second hand desktop computers (PCs or CRTs) are imported into Nigeria every month [6, 7] . Meanwhile, the trading of secondhand electronics is currently booming at the famous "computer village" in Lagos, Nigeria owing to this large-scale importation of secondhand electronics. Brokers and traders from countries in the West African sub-region come to Lagos to buy secondhand computers and their accessories as well as other electronic devices. As a result, a substantial quantity of these imports may be diverted to other African countries, especially countries in the ECOWAS sub-region.
Various authors have asserted that lack of reliable data is a major challenge to e-waste estimation and management [2, 9, 10 ]. This situation is not different in Nigeria because the magnitude and flow of e-waste is not well known and the data on the local generation of e-waste and on the inflow of new electronics are scarce [6] . Hence, it is an opportune time for Nigeria to start addressing the problem of increasing e-waste volumes because neglecting the fact of growing e-waste volumes bears the risk of a developing informal sector, with all its social and environmental drawbacks.
This study is carried out in Lagos, the former capital of Nigeria due to the large inflow of electronics into the country through the state; and also because it is a trade center for computers for other West African countries. This study intends to fill the gap of the flow of e-wastes as well as determination of the fate of obsolete electronics equipments in the study area with a view to providing the information obtained to policy makers and researchers for use in drawing up management plans for e-wastes in the country.
Materials and Methods

Geographical Scope of Nigeria
Nigeria is situated in West Africa; Nigeria has an area of 923,768.00 sq kilometers and lies between latitude 40˚ and 140˚ North of the equator and longitudes 30˚ and 140˚ East of the Greenwich meridian. The use of ICT is more concentrated in the urban centers of the country than in the semi-urban and rural areas. In this regard, this study focuses the e-waste generation and management in one of the major urban centres in Nigeria; Lagos metropolis.
Material Flow Analysis of Obsolete Computer Equipments
The method developed at Carnegie Mellon University [11] was used for the material flow analysis in this study. Also the study of [12, 13] had some influence on the choice of processes that were included in the model. These processes are the re-use and storage parameters of obsolete computer equipments which delay their entry into the waste stream.
Modeling Software
Microsoft Excel has been chosen as the modeling software mainly for the reason that it is relatively simple to use and commonly available.
The Model Input
The inputs for the model are; sales data, usage times of computer equipments and the transfer coefficients as illustrated in Figure 1 .  Importation and sales data for the goods considered in the model (desktops and laptops) constitute the inflow of the model.  Usage times per process determine the time a good remains in one process.  Transfer coefficients determine how a good is partitioned when more than one flow exists after a process.
Estimation Equations for the Material Flow Model
Amount in storage: the amount of computer equipments 
where ST (t) = total amount of obsolete computer equipments in storage in the year t. A (t) = the quantity of computer equipments imported/ sold for the year (t).
k s1 = transfer coefficient of computer flows from corporate organizations, small business and households into 1 st storage. k r = transfer coefficient of computer flows from corporate organizations, small business and households into 1 st re-use. t = the current year. α 1, α 2, α 3, α 4 = fractions or percentage that goes into re-use after first storage from computer equipments bought 7, 8, 9, and 10 years ago respectively.
Amount in Re-use: the amount of computers in re-use at a time t is obtained as the sum of the fraction of items re-used from the items bought 4 years ago (without 1 st storage), 5 years ago (without 1 st storage but in their second year in re-use), 6years ago (without 1 st storage but in their 3 rd year in re-use) and that of fractions of items that are in re-use from 1 st storage. The amount of items that go into re-use from 1 st storage is obtained as the sum of half of items re-used from items bought 6 years ago that have been stored (storage 1) for 2 years, half of obsolete items bought 7 years ago from storage 1 (which are now in their 2 nd year in re-use) and half of obsolete items bought 8 years ago from storage 1 (which are now in their 3 rd year in re-use). 
where Ru (t) = the total amount of computer equipments in re-use in the year t β 1 , β 2 , β 3 = fractions or percentage that goes into first storage after first use from computer equipments bought 6, 7, and 8 years ago respectively.
Amount disposed: the amount of obsolete computer equipments to be disposed at a time t is obtained as the sum of obsolete items disposed after 1 st use from corporate organizations, small businesses and households as well as those from 1 st storage, 2 nd storage and reuse. This is shown in equation 3 below.
where Dp (t) = amount of obsolete computer equipments disposed in the current year (t).
k d = transfer coefficient of computer flows from corporate organizations, small business and households into disposal after 1st use.
k s1d = transfer coefficient of computers from 1 st storage to disposal.
k rd = transfer coefficient of computers from reuse to disposal.
k rs2 = transfer coefficient of computers from re-use to second storage.
Model Scenarios
Three scenarios were developed for the prediction of e-waste to be generated from computer equipments in the study area for the year 2011-2025. The first scenario is based on the data obtained from the present study while the second and third scenarios present the best and worst cases respectively. The best and worst case scenarios are designed to determine what could be the maximum and minimum e-waste generation from computer equipments in the study areas in the next fifteen years. The three scenarios are described as follows and summarized in Table  1 :
Scenario 1: from collected data This scenario is based on the data sources presented in Tables 1 to 3. The model inflow was based on the sales data of major distributors in the study area while the us- age times and transfer coefficients were obtained from the questionnaires.
Scenario 2: best case
The best case assumes a longer lifespan or usage time and flows of computer equipments to storage and re-use are favoured over flows to direct disposal. Also, the growth of computer market for the specified period is assumed to be 10% less than scenario 1.
Scenario 3: worst case
The worst case scenario assumes the opposite of the best case scenario, hence, shorter lifespan for computer equipments and a preference of the flows to direct disposal as well as a growth of the computer market of 20% above that of scenario 1 were used.
Results and Discussion
Model Inflow Data
Sales Data
The sales data for desktop and laptop computers obtained from questionnaires received from distributors/retailers from the study areas were used as inflow to the model. Five (5) years data was obtained for the year 2007-2011 from 16 distributors/retailers in Lagos metropolis. The quantities of Laptops and desktops sold within these five years by the distributors/retailers were extrapolated to 2025 using the most appropriate trend lines. The polynomial trend lines gave the best fit (R 2 = 0.999) for laptop and desktop growth in Lagos as shown in Figure 2 and the actual values given in Table 2 .
Usage Times
The usage times of computer equipments in the individual processes of the model was obtained from the questionnaires administered to consumers of computer equipments (Table 3) . However, sufficient data was not available on the storage times of computer equipments after re-use, therefore it was estimated that storage after reuse is 2 years.
Transfer Coefficients
The transfer coefficients (Table 4) were also obtained from the information compiled from the questionnaires. The transfer coefficients of computer equipments from sales to the consumers (i.e. corporate organizations, small businesses and households) were obtained from the information gathered from the distributors on percentage of their sales to each of the three consumer groups while the transfer coefficients from each of the consumers to 1 st storage, re-use and disposals were deduced from the questionnaires issued to the consumers. There is however insufficient information on the fate of equipments after re-use and second storage. It was therefore estimated that half (50%) of computer equipments are disposed after reuse while the other half is stored further (2 nd storage). It was also assumed that all (100%) of computer items are disposed after second storage. 
Analysis of Individual Flows
The individual flows for each year was analyzed in order to determine the quantity of flows to storage, re-use and direct disposal after 1 st use as illustrated in Figure 3 . The summary of the flows from the consumption phase after 1 st use as shown in Table 5 below indicates that the most important flows are to storage (41%) and reuse (35%) while the flows to disposal is comparatively lower (24%). This is consistent with similar works from developing countries [14] [15] [16] where storage is the major means of managing e-wastes due to lack of take back systems. In Nigeria, this pattern of flow can be attributed to the reluctance of consumers to dispose off their out of use electronics because of the high cost of electronic equipments and hope that it could be repaired or reused somehow in the future.
The results of the material flow analysis showing the quantities of computer equipments to be stored, reused and disposed in Lagos from 2007-2036 are as given in Table 6 .
The results indicate that the quantity of computers that moves into storage, reuse and disposal increased proportionately with the demand (sales) of computer equipments (as illustrated in Table 2 ). The quantity of computer equipments to be stored and reused in Lagos from 2012-2036 was observed to be almost equal and much higher than those for disposal.
The table also shows that quantities of computers in storage, reuse as well as those to be disposed continue to increase until four years after the last inflow (i.e. 2025-2029) after which their values start to drop (due to lack of inflow).The result also indicated that computer equipments continue to remain in either storage, re-use or gradually disposed off for 10, 8 and 11 years respectively after its inflow into the consumption phase. The additional lifespan of computer equipments in storage and reuse delay and reduce the quantity that is eventually disposed off yearly.
Scenario Comparison
The scenario analysis of e-waste generation from computer equipments (desktops and laptops) sold in Lagos as obtained from questionnaires and forecasted from 2012-2025 is presented in Figure 4 . The result shows that the present scenario(scenario 1) is quite similar to the best case scenario (scenario 2) which suggests that the current e-waste management situation in Lagos is such that allows a relatively minimal amount of e-wastes to be disposed directly into dumpsites or landfills. This could be attributed to the fact that trade in secondhand computers and computer parts are well established in Lagos, hence most of the parts are reused in cloning new ones or sold to recyclers. However this is most likely to be peculiar to Lagos alone, other parts of the country where the trade is not well established may face the risk of having a scenario whereby a higher rate of disposal may be experienced. Also the graph shows that the implication of computers having shorter life spans (as in scenario 3) is increase in the rate and quantity of e-waste generation.
For a country like Nigeria where recycling facilities for e-wastes are not yet available, storage and reuse of obsolete electronic equipments should be encouraged because e-waste disposal would be delayed and disposed off gradually. This will afford the country the time to make plans to accommodate and manage the e-wastes to be disposed off more efficiently rather than having scenario whereby a large quantity of e-waste is disposed in a relatively shorter time.
Conclusion
